The property of coaggregation between cells of different genera is widespread among oral bacteria. In a recent review, cell-to-cell interactions were reported between members of different gram-positive genera (e.g., Streptococcus and Actinomyc-es), gram-positive and gram-negative genera (e.g., Actinomyces and Capnocytophaga), and different gram-negative genera (e.g., Bactercoides and Futsobacteriu,n) (3) . Although many bacteria participate in coaggregation, a great deal of specificity is apparent in the choice of coaggregating cell types. For example, human strains of Actinomyces viscosuts and A. naeslundii exhibit lactose-inhibitable coaggregation with Streptococcuis sanguis but show no interaction with S. salivariuis or S. muttans (4, 9) ; Propionibacterium acnes coaggregates with members of a single coaggregation group of S. sangm/is but not with members of other S. sanigutis coaggregation groups (9) , A. viscosuts, or A. naesluindii (P. E. Kolenbrander, unpublished observations).
Bacterial cell surface structures involved in the coaggregation process potentially may serve as ecological determinants in the formation of plaque on tooth surfaces. Electron micrographs of the multilayered consortia at the plaque-tooth interface (11) reveal cell arrangements consistent with the interpretation that microbial plaque results from growth of an initial microcolony, attachment, by cell-to-cell recognition, of other bacteria to those in adherent microcolonies, and growth of newly attached cell types. Of course, other possibilities exist (e.g., microbial entrapment and columnar growth of adjacent microcolonies); therefore, further studies of cell-to-cell recognition are essential to understanding plaque formation in vivo.
A new group of filamentous gram-negative gliding bacteria that preferentially adhere to the COAGGREGATION OF CYTOPHAGA SP. AND A. ISRAELII 1179 cementum surfaces of teeth has recently been described (2) . Tentative characterization of this group places its members in the genus Cvtoplhaga (1. 12) . These bacteria exhibit a shift from fermentative to respirational metabolism when switched from anaerobic to aerobic growth (12) . However, they do not require a carbon dioxidesupplemented atmosphere during anaerobic growth, a property of Capno(ytophaga species (10. 16) . Since the oral Cvtophaga strains exhibited the ability to form micro-and macrocolonies on cementum surfaces, it was of interest to determine if they were also capable of cell-tocell interaction with other bacteria found in human plaque samples. Information obtained from these studies may provide new insights into the understanding of the ecological implications of preferential adherence to cementum.
MATERIALS AND METHODS
Bacterial strains. The 19 human oral C!vtophaga strains used in this study were isolated from subgingival plaque by procedures described previously (2 Plaques containing two different cell types were developed in vitro on human teeth by the method of McCabe et al. (14) . Clean, autoclave-sterilized, human teeth were first suspended by wire supports in a freshly inoculated Schaedler broth culture of Cvtopliaga sp. strain DR200( (1% glucose was substituted for sucrose) and incubated at 37°C for 6 days. After the first 3 days of incubation, spent culture medium was replaced with fresh broth, and incubation was continued for an additional 3 days. Upon completion of the initial 6-day incubation period. the DR2001-plaquebearing teeth were removed from the broth culture tubes and immediately suspended in actively growing Schaedler broth cultures of A. i.sraelii PK16. Again, the suspended teeth were incubated for 6 days at 37C, with one fresh broth substitution after 3 days.
After the last incubattion period. the teeth were carefully removed from the broth culture tubes and gently rinsed in 0.02 M phosphate buffer. pH 7.2. Small. macroscopically visible zones in plaque (regions of A. isrielii colonization appeared as whitecolored zones over the underlying amber-colored C!-tophaga-containing plaque) were cut away from the tooth surface with sharpened scalpel blades and placed in Ryter-Kellenberger (8) . A similar analysis of coaggregations between Cytophaga strains and A. israelii strains isolated from the same patient was not possible in the current study, since only Cytophaga strains were originally isolated for an independent investigation (2) and no selection for A. israelii strains was attempted. It is proposed that if such a study were conducted, Cytophaga strains unable to coaggregate with these test A. israelii strains would likely exhibit coaggregation with A. israelii strains isolated from the same patient.
The properties of coaggregation between Cytophaga strains and A. israelii strains are quite different from those found with S. sanguis and A. viscosus or A. naeslundii; the latter coaggregations appear to be mediated by lectin-carbohydrate complementary paris (4, 9, 15) . Most of the latter coaggregations are inhibited by lactose (10 mM), and all are inhibited by EDTA (0.6 mM) and require divalent calcium ions (0.1 mM). One property shared by the Cytophaga-A. israelii coaggregations and the S. sanguis-A. viscosus (or A. naeslundii) coaggregations is that many are unimodal (heat treatment at 85°C for 30 min of one cell type but not the other will prevent coaggregation). In this case the Cytophaga cells are inactivated, but the A. israelii cells are resistant to heat treatment.
Although the Cytophaga isolates are morphologically similar to members of the recently designated genus, Capnocvtophaga, they are metabolically distinct (2, 16) . When their ability to coaggregate with A. israelii strains was compared, Capnocytophaga sputigena and C. gingivalis strains appeared similar to members of group 1, whereas C. ochracea exhibited lactoseinhibitable coaggregation with certain actinomycetes and S. sanguis strains (P. E. Kolenbrander and S. Hurst-Calderone, J. Dent. Res. 60A:333, 1981). It is interesting to note that when Cytophaga sp. strains DR2001 and DR2002 were tested for DNA-DNA homology with the three Capnocytophaga species, 82 and 69% homology, respectively, were found with C. gingivalis, and little or no homology was observed with the other two species (John Johnson, personal communication). Thus, it appears that these Cytophaga strains may be similar to C. gingivalis but are quite distinct from C. ochracea.
